Abstract. This case-control study examined the relationship between the occurrence of colonic polyps in men in their fifties and the level of their physical fitness while in their thirties. The subjects consisted of 51 male Japan Self-Defense Forces officials in their fifties who had colonic polyps, as diagnosed by colonoscopic examination, and 46 control individuals. As an indicator of physical fitness between 30 and 39, we selected the best time recorded for each individual during that decade of life for the 1,500 meter Physical Fitness Test run. We calculated the odds ratio for polyps according to selected risk factors (including physical fitness), and a logistic regression analysis was used to adjust for possible confounding variables. Odds ratio (95% confidence interval, p value) for colonic polyps with physical fitness in the thirties was 0.36 (0.16-0.82, p<0.05). With adjustment for the subjects' maximum Body Mass Index in both their thirties and fifties, and serum total cholesterol, the odds ratio was 0.39 (0.15 0-0.99, p<0.05). We suggest that the occurrence of colonic polyps in men in their fifties can be reduced by maintaining a high level of physical fitness while in their thirties. 
the function of the adenomatous polyposis coli (APC) tumor suppressor gene. In contrast, the genetic defect in hereditary nonpolyposis colorectal cancer largely affects tumor progression by disturbing the genome guardian function of DNA mismatch repair.6,7 The leading suspected environmental risk factor is the diet; a diet high in animal fat and low in fiber with excessive consumption of alcohol, for example, or simply an excessive caloric intake with consequent obesity.8-11 Cigarette smoking has also been identified as a risk factor for adenomatous polyps.12.13 While there are many studies indicating that physical activity protects persons against colonic cancer, 14-11 low physical activ ity has been reported in only a few studies to be a risk factor for colonic polyps.19-21 These studies are not, however, true longitudinal studies of the association between colonic polyps and physical activity and the level of physical activities of their research subjects was self-reported and thus quite subjective. As far as we are aware, there has been no study to investigate the rela tionship between physical fitness, as opposed to physi cal activity, and the occurrence of colonic polyps. Since physical fitness is an important determinant of physical activity,22.23 the level of physical fitness can be used to a certain extent as an objective marker for physical activity. Furthermore, physical fitness can be measured more objectively than physical activity, hence it may be more useful as a variable in clinical studies. The present case-control study is the first investiga tion examining the relationship of physical fitness to the risk of occurrence of colonic polyps.
Materials and Methods
The subjects were male Japan Self-Defense Forces officials and employees who underwent the physical examination for retirement at the Self-Defense Forces Central Hospital between April and December, 1996. The physical examination for retirement is part of a nationwide program for personnel retiring from the Japan Self-Defense Forces. A total of 139 men aged 50 to 55 years were admitted to the Self-Defense Forces Central Hospital with signed informed consent to par ticipate in this study.
The physical examination for retirement is adminis tered during a five-day hospital admission. Colonoscopy is a routine part of this examination, and was performed with an Olympus CF Type 200HI and Type 201 (Olym pus, Tokyo) and a Toshiba TCE70F (Toshiba, Tokyo) by well-trained gastroenterologists in the hospital. The routine colonoscopy consisted of examination of the rectum, the sigmoid, and part of the descending colon, and if the subject could tolerate the discomfort of the procedure, more proximal sites were examined. Those examinations not reaching the sigmoid-descending junction were regarded as unsatisfactory and were excluded from the study.
Of the 139 men examined, 124 men had satisfactory colonoscopies. Twenty-six of these were excluded from the study because results of the physical fitness tests (PF tests) they took during their thirties were not available, leaving a sample size of 98. Of these 98 indi viduals, 51 were found to have at least one polyp, and one man had colonic cancer without apparent polyps. Since 46 men were free of colonic polyps, they were selected as controls. Accordingly, this study compares the 51 individuals exhibiting colonic polyps with 46 controls.
For the serum biological measurements on the study subjects, venous blood was drawn after an overnight fast. Serum total cholesterol and serum triglyceride were determined by enzymatic assays using commer cial reagents (Katayama Chemical, Osaka) and an Olympus AU500 autoanalyzer (Olympus, Tokyo). HDL-cholesterol was measured enzymatically by the Results Table 1 compares the afflicted subjects with the con trols against each of the risk factors examined (smok ing, alcohol consumption, maximum BMI in the sub jects' thirties and again in their fifties, serum total cholesterol, serum HDL-cholesterol, serum triglyceride concentration, and fastest time on the 1,500-meter run). Subjects with colonic polyps are more likely to be cur rent alcohol drinkers and to have a high BMI in their fifties. There was no significant difference between the afflicted subjects and controls among any of the other risk factors. Table 2 shows the crude odds ratios and 95% confi dence intervals for colonic polyps in relation to selected risk factors. Current alcohol drinkers show a high risk of occurrence of colonic polyps, whereas there is a reduced risk among those who posted fast times on the 1,500-meter run while in their thirties. Table 3 presents the adjusted odds ratios and 95% confidence intervals for colonic polyps in relation to selected confounding factors. After adjusting for maxi mum BMI during their thirties and fifties, and serum total cholesterol concentration, the fast runner group continued to exhibit a significantly reduced incidence of colonic polyps. 
Discussion
This study has demonstrated an apparent significant inverse relationship between the risk of occurrence of colonic polyps and physical fitness as indicated by the run time on the PF test administered while the subjects were in their thirties. The protective effect of good physical fitness was still evident even after adjusting for maximum BMI measurements, and serum total choles terol concentration. Though several other studies have demonstrated a relationship between the occurrence of colonic polyps or adenomatous polyps and physical activity levels, 19-21 none have used an indicator of physical fitness, such as the run time, as a measurable variable. Previous studies have used self-administered questionnaires to estimate physical activity levels, which made its interpretation quite subjective rather than quantitative. Furthermore, because both the Self -Defense Forces PF test and the physical examination for retirement are administered annually for several decades, we were able to obtain these data, taken around 20 years ago, for all the subjects of our research, enabling us to treat it as a longitudinal study, thereby eliminating the subjects' recall bias. For the purpose of our analysis, it was advantageous that the subjects in this study were homogenous in terms of race, age, sex, and occupational background. Because of this homoge neity and because the physical examination for retire ment is required of all retiring employees, we believe that selection bias on our part has been minimized. The present study does have several obvious limi tations, the first being the relatively small sample size.
This decreased the power of analysis in this study. It is inconsistent with previous or expected results that there was no significant association between the occurrence of colonic polyps and parental history of colonic polyps in this study. This result presumably reflects this limited power. More studies, examining larger populations, are needed to lend support to our conclusions. Since some data of pathological diagnosis of the biopsied or poly pectomized specimens were not available, we did not use prevalence of histologically confirmed colonic polyps, for example, adenomatous polyps and/or hyperplastic polyps, as the outcome of this study. This lack is a limi tation and more studies, examining histological diagno sis of all colonic polyps, are needed. The homogeneity of our population was also a limitation, in that the results may not be applicable to the more heteroge neous general population of Japan, or indeed to non Japanese populations. The prevalence of colonic polyps in an unselected population in the U.S. was 38%.2 This is not consistent with the 52% (51 of 98) prevalence found in our initial sample. We have also got data of the prevalence of colonic polyps from other Self-Defense Forces Hospitals which were around 50%. We can speculate the reasons of the high prevalence of colonic polyps among male Japan Self-Defense Forces officials and employees: first is that we used colonoscopy and evaluated a larger part of the colon. About 80% of the subjects had complete colonoscopic examinations by the gastroenterologists although we did not have details of the number of subjects who had entire colonoscopy . Second is that we found even small polyps by adequate cleaning of the colon with enemas. A further limitation of our study is the possible inconsistency in the depth of exploration of the colonoscopic examinations. There is the possibility of procedure bias unless both the sub jects with and those without colonic polyps are treated in the same manner-the gastroenterologist might have a tendency to curtail the depth of the examination if no lesion is found 60 cm of the anus. The fact that five dif ferent gastroenterologists contributed to the finding is also another source of possible error, but in this case all were highly skilled and experienced, and we believe that diversity in their findings is minimal.
There are a number of components to physical fit ness: muscle strength, speed, agility, muscular endur ance, power, coordination, balance, body control, and flexibility.26 Treadmill exercise capacity is often used to measure physical fitness, and a positive association between physical activity and treadmill exercise test has been demonstrated. 23 Because of the similar abiiiity required for running and treadmill exercise; we used the time records on a 1,500-meter run as an overall index of physical fitness. However, we still need to admit that the 1,500-meter run can show only an aspect of physical fitness.
The mechanism of the protective effect of physical fitness/physical activity against colonic cancer/polyps is not well understood. There have been several hypoth eses put forward in recent years that high insulin levels may directly increase the risk of colonic carcino genesis.18 Insulin is an important growth factor of colonic epithelial cells and is a mitogen of tumor cell growth in vitro.29,30 Colon cancer tissue has both insu lin and insulin-like growth factor-1 receptors.29 Physical activity directly increases insulin sensitivity30 and reduces plasma insulin levels.31 Increases in insulin sensitivity are likely to exist across a gradient of physi cal activity,32 so it is reasonable that reduction in the risk of colon cancer and polyp formation is likewise to exist across such a gradient. Our result may lessen con cerns about high levels of exercise causing an increased risk of cancer due to higher levels of free radicals pro duced by the exercise. 33 The results of this study suggest that physical fitness appears to have an important role in the prevention of colonic polyps. Further research is needed to assess the relative importance of intensity, duration, and frequency of physical exercise in producing this reduction in inci dence of colonic polyps and colonic cancer.
